Key Words: BLOOD; TRANSFUSION: autologous, elastase, complement, IL-6, terminal C5b-9 complement, complex Peroperative and postoperative blood salvage are used in various types of acute and elective surgeryl-4. There are currently two types of equipment available for retransfusion of autologous blood; the centrifugebased cell salvage instrument where the blood is washed and centrifuged before retransfusion as an erythrocyte concentrate and the canister collection system where the blood collected in a canister can be concentrated and washed with standard blood bank washing instruments, or it can be transfused after filtration only. These commonly used systems reduce the risks with homologous blood transfusions, such as virus transmission and immunologic reactions s -,. Studies have, however, shown that changes of the shed blood occur
in association with the use of such techniques 9 -11
• The salvage process may cause coagulopathy and activation of complement I2 -
14
• A study has demonstrated that collected drainage blood contains high concentrations of the anaphylatoxins C3a and C5a
• However, no complications were seen if the maximum volume of reinfused blood was 425 mJI4. On the other hand, a case study reported the development of upper airway oedema after retransfusion of collected whole blood 15. Complement-induced granulocyte aggregation has been discussed as an aetiological factor in non-cardiogenic pulmonary oedema. Further complications that have occurred during retransfusion of autologous blood are haemolysis, renal dysfunction, air and fat embolism, and formation of microaggregates I6 -I
'. The aetiology of these complications is not fully understood but several studies have shown that various mediators are activated when blood comes in contact with foreign materials and activation of complement, secretion of PMN elastase and release of cytokines have been demonstrated in various types of extracorporeal circulation procedures
The aim with the present study was to determine whether complement is activated with concomitant secretion of PMN elastase and release of IL-6 during collection and storage of autologous drainage blood.
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MATERIAL AND METHODS
The study was approved by the Ethics Committee of Sahlgrenska University Hospital, Goteborg, Sweden. Ten patients (six females and four males) undergoing elective hip replacement surgery were studied. Their ages ranged from 54 to 79 years (median 72 years). The patients did not require blood transfusion during the intraoperative period. The postoperative blood loss was collected with a Dideco Recovery 797 (Dideco, Mirandola, Italy), which is a commercially available system for retransfusion of autologous drainage blood 24 • The system is a fully automatic device designed to harvest blood and monitor the blood loss. The vacuum pressure can be adjusted to pressures up to -100 mmHg. The blood collected can be centrifuged and washed before retransfusion or retransfused as whole drainage blood after filtration only. In this study the vacuum pressure was adjusted to -50 mmHg. The drainage blood was mixed with an anticoagulant (30 units of heparin/ml sodium chloride). The drainage blood was collected during four hours and then passed through a microporous (Goccia Micro 40, Dideco, Mirandola, Italy) filter but not reinfused to the patients. The patients who required blood transfusions postoperatively received homologous bank blood. None of the patients received bank blood prior to the sampling being completed.
Blood samples were taken from the patients preoperatively. Blood samples were also taken from the wound intraoperatively. The wound blood was drawn prior to the first cementation. Postoperatively blood samples were taken from the reservoir before and after the collected blood was passed through the microporous filter. All samples for determination of terminal C5b-9 complement complex, PMN elastase and IL-6 were drawn into tubes containing EDTA. To remove the cells, the tubes were immediately centrifuged. The samples were frozen in separate tubes within 30 minutes and stored at -80°C. All determinations were performed in duplicate.
For evaluation of the complement activation, the terminal C5b-9 complement complex (TCC) was determined. The complex was determined by a doubleantibody enzyme-linked immunosorbent ELISA 25. PMN elastase was analyzed by the PMN elastase IMAC immunoassay25, 27 The plasma concentration of IL-6 was determined with an ELISA system (Biotrak cytokines human ELISA systems, Amersham). All the results are given as means of duplicate determinations.
Statistics
The values are given as median values and 25-750/0 range. The Wilcoxon test for paired comparisons was used. Differences were considered significant when P was less than 0.05.
RESULTS
The median volume of collected whole blood was 198 ml (25 to 75% range; 165 to 220 ml).
The plasma concentrations of TCC, PMN elastase and IL-6 drawn preoperatively from the patients and intraoperatively from the wound are given in Table 1 . In the wound blood there were elevated concentrations of TCC and PMN elastase compared with the concentrations found in the systemic blood (P<0.05 respectively). The concentration of IL-6 in the wound blood was not significantly elevated compared to that found preoperatively in the systemic blood.
The concentrations of TCC, PMN elastase and IL-6 in the collected wound drainage blood are given in Table 1 . In the collected wound drainage blood high concentrations of TCC, PMN elastase and IL-6 were found. The concentrations were higher in the wound blood compared with that found in systemic blood (P < 0.05 respectively). There were no significant differences in the concentrations of Tee before and after the filtration. The PMN elastase levels were above the detection limit in all samples drawn before and after the filter. All samples regarding IL-6, except for one single sample, were above the detection limit. The concentrations of both Tce and IL-6 in the collected wound drainage blood were increased compared to that found in the wound blood (P < 0.05). There was no significant difference in the concentration of PMN elastase in the collected blood compared with that in the wound blood. 
DISCUSSION
The formation of the terminal C5b-9 complement complex, TCC, shows that the complement cascade has been activated. TCC is the end-product of complement activation. TCC complex may be responsible for reactive lysis of erythrocytes 28 . An increased concentration of TCC implies an activation of the complement system with the formation of the anaphylatoxins C3a and C5a 29 . These metabolites have potent biological properties. They induce smooth muscle contraction, enhance vascular permeability, and release histamine from mast cells and basophils. The concentration of TCC in drainage blood is higher than the concentrations found in circulating blood in septic patients and in patients undergoing cardiopulmonary bypass.
This study also shows that leukocytes are activated with secretion of PMN elastase. The concentrations of PMN elastase found in the collected wound drainage blood are similar to the concentrations found in association with severe trauma and sepsis. Leukocyte activation may be induced by the activation of complement or by the processing and storage of the blood 3o ,3!.
The study also shows that the macrophages have been activated with secretion of IL-6. The concentrations of IL-6 are similar to the concentrations found in association with trauma, sepsis and cardiovascular surgery. Activation of macrophages with the release of cytokines may in turn be caused by the activation of complement or leukocytes 32 ,33.
The formation of inflammatory mediators is associated with the development of organ dysfunction. This has been reported in trauma, sepsis and during extracorporeal circulation!9,J4. As autologous blood transfusions often are used in association with trauma, vascular surgery and cardiothoracic surgery, retransfusion of large volumes of unwashed, filtered shed blood may be hazardous. This could, in addition, contribute to the development of organ dysfunction. In clinical practice, retransfusion of autologous blood has been reported to give complications in association with hip replacement surgery!'. Transfusion of unwashed, filtered shed blood has led to hypotension and hypothermia 3 '. In addition, febrile reactions have been reported after retransfusion of autologous unwashed blood J6 . Stored platelet concentrates have been shown to contain high concentrations of cytokines 37 and febrile non-haemolytic reactions are common in patients receiving platelet transfusions 3s . During the processing of blood the erythrocytes may be mechanically damaged and haemolysis has been observed in unwashed, filtered shed blood. 39 Complement activation and formation of TCC may also cause lysis of erythrocytes and increased levels of free haemoglobin. The use of unwashed filtered shed blood may also cause prolonged anaemia as cytokines (I1-lb and TNF-a) are capable of suppressing induction of erythropoietin 40 .
To avoid the complications seen in association with the use of large volumes of unwashed filtered shed blood, the use of cell saving equipment may be preferable. Studies by Bengtsson et al. and Sieunarine et al. have shown that the washing procedure removes complement anaphylatoxins and PMN elastase 4 !, 42 . In these studies it has been reported that the concentration of C3a, TCC and PMN elastase was < 300 ng/ml, <2 AU/ml and < 30 ng/ml respectively in the washed erythrocyte concentrate. The systemic levels of TCC, PMN elastase and IL-6 were in these studies similar to those found in the blood from healthy volunteers 42 ,43. In a recent study by Hyllner and coworkers it was demonstrated that whole blood and plasma stored longer than four weeks contained elevated levels of complement split products, PMN elastase and IL-6 44 •
In the present study TCC could not be removed by the filtration procedure. The concentrations of PMN elastase and IL-6 in all the samples were above the detection limit or extremely high. Due to the very high concentrations of these substances it is impossible to draw any conclusions regarding the efficacy of the filter to remove PMN elastase or IL-6.
In conclusion the study demonstrates that the collected drainage whole blood contains high concentrations of TCC, PMN elastase and IL-6. The processing and storage of the blood seems to increase the concentrations of the mediators investigated.
